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(57) ABSTRACT 

A Status phase processor for a data pattern recognizer or 
correlator provides an optimized Synchronization signal. 
The Synchronization Signal can be utilized to adjust the data 
Sampling clock. The data pattern correlator utilizes two or 
more Samples per Symbol of the Signal which is expected to 
be received. The System provides high accuracy correlation 
without significant hardware and software overhead. The 
Status phase processor relies on a counter circuit and a logic 
circuit for generating the Synchronization signal. 

8 Claims, 5 Drawing Sheets 

AATCH 0-> 5 
PALSES O Q 

l 6ETTA (ONIER 
220 

COOK 

230 

240 

238 

SELECT 

U 
TAPSFT 
SELECT 

279 

SEESYNKENABL 
WINDOWGATE J l (ONETION 

REST 
244 

  

  

  

    

  

  

    

  

  



US 6,438,187 B1 Sheet 1 of 5 Aug. 20, 2002 U.S. Patent 

fr? 

El í 

èfO 1 × 7/QQO WQQ 
ZI 

  

  

  

  

  



A. 

US 6,438,187 B1 

}º||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
U.S. Patent 

  

  







U.S. Patent Aug. 20, 2002 Sheet 5 of 5 US 6,438,187 B1 

S 
i i 
Ses Secs r 

Ses Secs 

SS Ses 

Sn SS S. S. 

SS Secs 

Sacs S(s 

Secs Sess 
SS Ses 
- s - s 

Son - Y 

See - (- 

Sen - re. 

S \ts NY 

Salt - 

Sess Ser- SS 

- c. S(Y se 

St Sys 

SY-- Sss 

Sw- Sss 

SW - c. 

Seca - Y s s 
SS SY- N is 

Sese SS SS 

Sn SCY - W. 

Se Nos Set - Ys 

Slic SY-- - - 

Stre Secs Sys 

Sr. Ses S. s. 

S (- Ses S (s 

SS Secs SY- as ess 

Ses Sets Sess Socs iss 
N, SS Sys - i. SS SS 

a sos - rs- Sos S (s 

S 

- 

s S NS 

ses - (s -- ty sts Siss 

kar 

w s | CA 



US 6,438,187 B1 
1 

PHASE PROCESSOR FOR DATA PATTERN 
CORRELATOR 

CROSS REFERENCE TO RELATED PATENT 
APPLICATIONS 

The present application is related to U.S. application Ser. 
No. 09/255,926 filed on an even date herewith, by Duane 
Abbey, entitled “Data Pattern Correlator'. 

FIELD OF THE INVENTION 

The present invention relates generally to communication 
Systems. More particularly, the present invention relates to a 
phase processor for a data pattern recognizer. The phase 
processor generates a Synchronization signal for adjusting a 
data acquisition clock. 

BACKGROUND OF THE INVENTION 

Data pattern recognizers or correlators are generally uti 
lized in various communication Systems to determine if a 
particular pattern has been received. Once the data pattern is 
recognized, the correlator provides a time registration or 
Synchronization signal. The Synchronization signal is uti 
lized to coordinate the reception of data or information 
relative to the particular pattern. 

Correlators, Such as, binary correlators, are utilized for 
A/J (spread spectrum) message and other data message 
Synchronization. In an exemplary radio System application, 
a data pattern correlator analyzes the received radio signal to 
determine if a particular data pattern is present. The data 
pattern can be comprised of a number of Symbols, Such as, 
digital bits, or other indicators, provided in Series on a 
particular radio channel. After the radio System determines 
that the particular pattern is present, it can then receive 
further information, Such as, data, voice, or other Symbols, 
in accordance with a Synchronized communication tech 
nique. The data pattern and information can be modulated on 
the radio Signal via any Suitable technique, including ampli 
tude modulation, phase modulation, frequency modulation, 
quadrature amplitude modulation, frequency shift key 
modulation, or other technique. 

Conventional data pattern recognizers have utilized 
match-filtering techniques which can be Susceptible to false 
pattern recognition due to noise, especially when the data 
pattern is short. Typically, conventional data pattern recog 
nizers or correlators have increased the size of the data 
pattern to decrease the occurrence of false pattern recogni 
tion. However, increasing the data pattern size presents other 
problems with pattern recognition performance. Longer data 
patterns require increased hardware overhead and commu 
nication time for recognition. More communication time 
adversely affects minimum signal dwell times (maximum 
hop rates) message access times, and message turn-around 
time periods. In addition, longer correlators become Suscep 
tible to missed recognitions due to Symbol rate differences 
between the received signal and the correlator Symbol rate 
clock. 

Conventional data pattern recognizers or correlators over 
Sample the incoming Signal and compare only one Sample of 
the incoming signal to each Symbol in the data pattern (e.g., 
Samples are compared to Symbols on a one-to-one basis). 
With this conventional approach, the only way to improve 
performance at a constant false recognition rate is to 
increase the number of characters in the data pattern. AS 
Stated above, Such a Solution has significant disadvantages. 

In a conventional System, if all Samples of the over 
Sampled incoming Signal are compared to each Symbol (e.g., 
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2 
multiple samples per Symbol or character), any performance 
gained is reduced by inaccuracies due to channel non 
linearities and to doppler shift (difference between the 
received symbol rate and the correlator's Symbol rate). 
Therefore, comparing all of the Samples to each Symbol also 
has significant disadvantages. 

Heretofore, current time registration techniques also Suf 
fer in deficiencies and accuracy (generally from it'/2character 
or more), due to Software processing time, character 
uncertainty, and low accuracy correlation phase Sorting. 
Further, Several data characters can be lost immediately after 
the pattern recognition due to the Slow response time of 
current correlator techniques. 

Thus, there is a need to improve data pattern recognition 
performance for a given number of pattern characters and 
maintain a low constant false match rate due to noise. 
Further, there is a need to perform data correlation utilizing 
multiple Samples per character. Further Still, there is a need 
for greater Synchronization reliability in communication 
applications. Further Still, there is a need for an accurate, low 
cost phase processor for a data correlator. 

SUMMARY OF THE INVENTION 

The present invention relates to a status processor for 
generating a Synchronization Signal. The Synchronization 
Signal Synchronizes a data Sampling clock. The Status pro 
ceSSor includes a matched Status input and a control circuit. 
The matched Status input receives a matched Status Signal 
indicating a pattern match of at least one phase of an 
incoming Signal to a data pattern. The control circuit is 
coupled to the matched Status input and includes a counter 
circuit and a logic circuit. The counter circuit performs a 
count operation in response to a counter Signal generally 
having a frequency of at least two times the phase rate 
(sample rate) of the data Symbols and in response to the 
matched Status Signal. The logic circuit generates the Syn 
chronization Signal in response to the count operation to 
adjust the data Sampling clock in accordance with the match 
Status Signal. 
The present invention further relates to a status processor 

for use in a data pattern correlator. The data pattern corr 
elator provides a matched Status Signal indicating a pattern 
match of at least one phase of an incoming Signal to a data 
pattern. The incoming Signal is provided in accordance with 
a data Sampling clock. The Status processor includes a 
counter circuit and a logic circuit. The counter circuit 
performs a count operation in response to a counter Signal 
generally having a frequency of at least two times the phase 
rate (sample rate) of the data Symbols and in response to the 
matched Status signal. The logic circuit is coupled to the 
counter circuit and controls the counter circuit. The logic 
circuit generates the Synchronization signal in response to 
the count operation to adjust the Sampling clock in accor 
dance with the match Status Signal. 
The present invention still further relates to a status 

processor for use in a data pattern correlator. The data 
pattern correlator provides a matched Status Signal indicating 
a pattern match of at least one phase of an incoming Signal 
to a data pattern. The incoming Signal is provided in 
accordance with a data Sampling clock. The Status processor 
includes a counter means for performing a count operation 
and a logic means for generating the Synchronization signal. 
The count operation. is performed in response to a counter 
Signal generally having a frequency of at least 2 times the 
phase rate (sample rate) of the data Symbols and in response 
to the match Status Signal. The Synchronization signal is 
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generated in response to the count operation to adjust the 
data Sampling clock in accordance with the match Status 
Signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred exemplary embodiments of the present inven 
tion will hereafter be described with reference to the accom 
panying drawings, wherein like numerals to denote like 
elements and: 

FIG. 1 is a general block diagram of a communication 
System in accordance with a preferred exemplary embodi 
ment of the present invention; 

FIG. 2 is a block diagram of the correlator illustrated in 
FIG. 1, in accordance with another exemplary embodiment 
of the present invention, shown receiving phases of a signal; 

FIG. 3 is a more detailed block diagram of the correlator 
illustrated in FIG. 2 in accordance with yet another exem 
plary embodiment of the present invention, including Status 
pulse phase processors, 

FIG. 4 is a more detailed block diagram of the status pulse 
phase processor illustrated in FIG. 3, in accordance with Still 
another exemplary embodiment of the present invention; 

FIG. 5 is an exemplary timing diagram showing the 
production of a Synchronization signal in response to 3 
match Status pulses; and 

FIG. 6 is a timing diagram showing the generation of the 
Synchronization Signal in response to a single match Status 
pulse 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

With reference to FIG. 1, a communication system 10 
includes a demodulator 14, a match filter and data slicer 16, 
a Synchronizer 18, a correlator 20, and a recovery register 
22. Match filter 16 is preferably a bit rate match filter. Signal 
input 12 can be coupled to an RF antenna and receiver, a 
Satellite dish and receiver, a telephone line, a cable, or any 
appropriate medium for providing a signal to demodulator 
14. 

System 10 can be any type of electromagnetic or optical 
communication System employing the reception of data 
characters. System 10 is preferably employed in a receiver 
for a radio unit. 

The Signal at input 12 can be a radio signal, an optical 
Signal, a modem Signal, or any type of Signal capable of 
communicating information in data character form. The 
information may be provided on the Signal through any of 
various modulation techniques, including quadrature ampli 
tude modulation (QAM), frequency modulation (FM), 
amplitude modulation (AM), frequency shift key modula 
tion (FSKM), or other coding techniques. Demodulator 14 
demodulates the Signal and provides a Sequential Stream of 
data or bits to match filter 16. Demodulator 14 can provide 
the data Signal as characters, Symbols, binary data, or other 
orientation. Demodulator 14 can include a discriminator or 
amplitude detector. Demodulator 14 preferably provides a 
binary bit stream to match filter 16. Symbols may be 
represented as bit groupings in the Serial Stream. 

Filter 16 is configured to filter the signal which is being 
received by system 10. Filter 16 includes a sampler which 
over-Samples the filtered and Sliced to logic level Signal at a 
rate of typically four times the data rate associated with the 
demodulator output. The data rate refers to the number of 
bits or Symbols per Second provided on the Signal from 
demodulator 14 to match filter 16. The sampler provides 
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4 
filtered bit or symbol samples at output 23 of filter 16 to 
correlator 20 and to recovery register 22. 

Correlator 20 receives the Samples and provides a Syn 
chronization signal indicative of whether, and where, a 
particular data pattern exists in the Stream of data at output 
23. In this way, synchronizer 18 utilizes the synchronization 
Signal to calibrate a data clock signal at data clock output 24. 
Recovery register 22 utilizes the data clock signal to appro 
priately receive data at output 23. Thus, correlator 20 
ensures that the Signals on output 23 are read at times of 
maximum signal-to-noise ratio and correctly aligned with 
the output register, thereby increasing the accuracy of the 
data received by register 22. Register 22 preferably includes 
one or more flip-flops or other Storage elements that receive 
data when clocked by the data clock Signal. 

Synchronizer 18 can be any type of clock adjustment 
circuit, Such as, a counter having a preset input. The counter 
receives the sampling clock utilized by filter 16 to provide 
Samples at output 23. The counter counts a predetermined 
number of pulses of the Sampling clock before providing a 
transition that is utilized as the data clock Signal. The counter 
is preset when the Synchronization at Synchronization Signal 
output 21 is received. Thus, correlator 20 can adjust the 
transitions of the data clock signal by utilizing the Synchro 
nization signal. 

Correlator 20 advantageously utilizes more than one 
Sample per bit in the data pattern. Correlator 20 quickly and 
accurately can produce the Synchronization Signal. 
Preferably, only the center or middle samples are utilized, 
thereby ensuring most accurate Sensing of the correct data or 
Symbol States in the Signal. For example, by utilizing the 
middle 8 of 16 Samples per bit or Symbol, performance can 
be improved over six orders of magnitude for a nine-bit 
pattern over conventional one Sample per bit or Symbol 
correlators. 

With reference to FIG. 2, data pattern recognizer or 
correlator 20 receives a data Signal 24. Data Signal 24 is 
provided at output 23 from match filter 16 (FIG. 1). Signal 
24 in this illustration includes an eight-bit data pattern 
comprised of bits 00101110. Signal 24 can be sampled at any 
number of Sampling rates and can have any length of Symbol 
pattern. Preferably, Signal 24 is Sampled at a rate of at least 
four times the data clock rate (e.g., at least four times per 
symbol). 

Correlator 20 can be configured to analyze one or more of 
the samples per bit or symbol from filter 16. For example, 
FIG. 2 schematically illustrates samples 26 with an arrow 
symbol. Samples 26 include four samples 26 per symbol or 
bit of Signal 24. Samples 26 are spaced evenly in time from 
each other. A selected sample 27 of every four samples 26 
is analyzed by processor 20 to determine if the data pattern 
is present. 

In another embodiment, samples 28 also include four 
samples per symbol of signal 24. However, correlator 20 
analyzes two selected samples 29 of samples 28. Samples 29 
are preferably middle, adjacent Samples. By utilizing middle 
Samples, Such as, Samples 29, Sensitivity is maximized as 
samples 28 of signal 24 slide through correlator 20. 

In yet another embodiment, Samples 32 include eight 
Samples per Symbol, and four Selected Samples 33 per 
symbol are analyzed by processor 20. In still another 
embodiment, Samples 34 include Sixteen Samples per 
Symbol, and eight Selected Samples 35 are analyzed by 
processor 20. 
When processor 20 utilizes adjacent Selected Samples 

groupings 27, 29, 33, and 35 both high-sensitivity and 
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low-false start rates are progressively improved, even 
though the data pattern length is relatively Small. This is due 
to the fact that the noise corrupting the center of the bits or 
Symbols is largely uncorrelated with the data. Computer 
Simulations and laboratory correlator demonstrations with 
random noise corrupted data backs up this assertion. The 
given bit Samples are preferably adjacent to maximize 
Sensitivity on at least one correlation Sample Set as Samples 
28, 32, and 34 slide through processor 20. Transmit and 
receive System non-linearities, frequency offsets, and band 
width limitations can cause the Signal-to-noise (S/n) ratios to 
decrease as data Samples move out from the center to the 
edges of the received data bit associated with Signal 24. In 
addition, the noise corruption becomes more correlated with 
the data, lessening the benefit of multiple correlation 
Samples per given bit or Symbol. Therefore, utilizing all 
Samples per bit (e.g., four Samples of Sample 28) generally 
does not further increase performance. Samples 32 and 34 
increase the rate of over-Sampling to keep the Span of each 
bit Sample cluster at no more than a one-half bit interval. 

With reference to FIG. 3, one potential embodiment of 
correlator 20 is shown as a dual correlator with time shared 
comparators having a channel A and a channel B. Correlator 
20 includes inputs 102A-B, shift registers 108A-B, tap 
Select circuits 11A-B, Sample latches 114A-B, Select gate 
circuit 118, bit mask gate circuit 120, bit mask register 122, 
clock and Select distribution circuit 124, bit pattern com 
parator 126, pattern Select gate circuit 128, pattern registers 
130A-B, match count register 140, count comparator 144, 
and match status output 152. Additionally, correlator 20 
includes correlation threshold register 146, count compara 
tor 148, decorrelation threshold register 150, multiple status 
pulse phase processors 200A-B, Synchronization outputs 
21A-B, status input detection and routing circuit 180, and 
dematch status 154. Correlator 20 can be implemented in a 
programmable gate array, a programmable circuit, an ASIC, 
or a dedicated circuit. Alternatively, correlator 20 can be a 
processor operating a Software program. 

The operation of correlator 200 will be discuss with 
reference to channel A, represented by reference numbers 
having a Suffix ending in A. Channel B is Substantially the 
Same as channel A and is shown in an exemplary fashion. 
The claims are not limited to a two-channel correlator. 
A Serial data Signal (e.g., Samples 26, 28, 32, or 34 in FIG. 

2) is provided to serial register 108A at input 102A from 
output 23 (FIG. 1). Register 108A preferably has approxi 
mately 288 Sample positions for Serially Storing the Samples 
received at input 102A. Register 108A has parallel outputs 
provided to circuit 110A. Tap select circuit 110A selects 
Seventy-two Samples of the Signal Stored in register 108A, 
according to the four modes shown in FIG. 2. Latch 114A 
stores the seventy-two samples from circuit 110A and pro 
vides the Samples through Select gate circuit 118 and bit 
mask gate circuit 120 to bit pattern comparator 126. The 
number of bits, channels, phases, paths, and Selections 
asSociated with correlator 20 are discussed in exemplary 
fashion and are not described in a limiting Sense. Select gate 
circuit 118 is controlled by clock and select circuit 124 and 
selects either outputs from latch 114A or latch 114B. The 
Selected Samples are provided through bit mask gate circuit 
120, which Screens Samples in accordance with Signals in bit 
mask register 122 and enables comparison of Sample groups 
from Selected bits in the data pattern. The masked Samples 
are compared in comparator 126 to a predetermined bit 
pattern provided through pattern Select gate circuit 128. 
Pattern Select gate circuit 128 chooses a pattern either in 
register 130A or 130B in response to a control signal 
provided from circuit 124. 
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6 
Comparator 126 provides an output signal to match count 

register 140, count comparator 144, and count comparator 
148. The output signal is indicative of the number of samples 
which match the bit pattern provided by circuit 128. Com 
parators 144 and 148 compare the output Signal to a thresh 
old and generate a match Status Signal at output 152 if the 
count Signal is above the correlation threshold. Similarly, 
count comparator 148 compares the count to decorrelation 
threshold and provides a decorrelation match Signal at 
output 154 if the output signal is below a decorrelation 
threshold. A decorrelation refers to a signal being the direct 
opposite or inverse of the data pattern. 
The match Status and dematch Status Signals are provided 

at line 152 and 154, respectively, to multiple status pulse 
phase processors 200A and 200B. Multiple status pulse 
phase processor 200A provides a Synchronization signal in 
response to the Selected Sequence of match Status or dematch 
Status pulses. Preferably, the Synchronization Signal is pro 
Vided So Synchronizer 18 can match the data clock signal to 
appropriately recover data in recovery register 22 (FIG. 1). 
With reference to FIG. 4, one potential embodiment of 

multiple status pulse phase processor 200 receives the match 
(or dematch) status signal at input line 152. The match (or 
dematch) status signal is typically in the form of one or more 
pulses. Processor 200 includes a flip flop 204, a flip flop 208, 
an AND gate 210, a one-shot circuit 212, an AND gate 214, 
an inverter 216, an AND gate 250, a NOR gate 254, a NOR 
gate 256, an AND gate 258, a NOR gate 260, an inverter 
264, an inverter 270, a flip flop. 268, an AND gate 272, and 
an AND gate 244. Processor 200 also includes an up counter 
220, a phase mode select circuit 242, an AND gate 238, an 
AND gate 240, a NOR gate 245, a down counter 236, a flip 
flop 246, an inverter 248, a bit compare 224, a bit compare 
226, and a 4 bit compare 230. 

Processor 200 receives a sampling clock signal input 278 
and a counter clock signal at input 282. The counter clock 
Signal has a frequency four times the frequency at the 
Sampling clock signal (the sampling rate associated with 
Sampled phases of the signal at output 24). 

Processor 200 includes the components listed above, 
which are connected substantially as shown in FIG. 4. 
However, processor 200 is shown as an exemplary embodi 
ment only of a circuit that Separates the Synchronization 
Signal in response to the match Status Signal. 
The general operation of processor 200 is discussed as 

follows. A window gate signal is provided at input 280 to 
indicate processor 200 should analyze the signals at line 152 
to determine when to provide a Synchronization signal. 
Additionally, a Synchronization enable Signal is provided at 
input 278. The generation of the window gate Signal and the 
Synchronization enable Signal is beyond the Scope of this 
disclosure and is well understood in the art. 
When the Synchronization enable Signal is provided at 

input 279, and the window gate Signal is provided at input 
280, counters 220 and 236 are no longer disabled from 
counting through inverter 216 and NOR gate 245. A match 
pulse at line 152 causes flip flop 204 to provide a logic one 
to flip flop 208. Flip flop 208, in turn, provides a logic one 
to AND gate 250 at the next pulse of the sampling clock 
signal at input 278. Flip flop 246 also provides a logic one 
to NOR gate 245 in response to the match status pulse 
provided to a set input through inverter 248. NOR gate 245 
provides a logic low to counter 236 and resets counter 236. 

Counter 236 is clocked by the counter clock signal 
provided at input 282. Similarly, counter 220 is clocked by 
the counter Signal at input 282. Counter 220 counts up, and 
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counter 236 is maintained at a logic Zero until the next 
transition of the Sampling clock signal at input 278. Com 
parators 224, 226 and 230 can be set for the two-of-four 
phase mode, one-of-four phase mode four-of-eight phase 
mode or eight-of-Sixteen phase mode. 

Comparators 224, 226, and 230 provide a logic one to 
phase mode Select circuit 242 when the output of counter 
220 equals the output of counter 236. Phase mode select 
circuit 242 provides a logic one to AND gate 250 when the 
outputs of counters 220 and 236 are equal. When AND gate 
250 receives a logic one from flip flop 204 and phase mode 
select circuit 242, a logic Zero is provided to NOR gate 254 
and to NOR gate 260. Inverter 264 also provides a logic zero 
to NOR gate 260 when the window gate enable signal is 
present at input 280. When the synchronization enable signal 
at input 279 and the window gate signal at input 280 
registers the logic one, AND gate 272 resets flip flop. 268. 
Flip flop. 268 also provides a logic Zero to NOR gate 260. 
NOR gate 260 provides a logic one at output 21. When 

NAND gate 250, inverter 264, and flip flop. 268 provide a 
logic Zero, the logic one at output 21 is inverted by invertor 
270, which causes flip flop. 268 to provide a logic one to 
NOR gate 260. NOR gate 260 then provides a logic Zero at 
output 21. Therefore, the Synchronization signal is provided 
as a pulse at output 21 when the output counters 220 and 236 
are equal. 
AND gate 210, one shot circuit 212, AND gate 214, and 

inverter 216 operate to reset counter 220 in response to the 
pulse of the Synchronization or in response to logic Zero of 
the Synchronization enable signal or window gate Signal. 
Flip flop 204 is set, and flip flop 208 is reset, via NOR gate 
256 and AND gate 258 when the pulse of the synchroniza 
tion Signal is provided. 

With reference to FIGS. 5 and 6, the operation of pro 
cessor 200 and correlator 20 will be described below as 
follows. Correlator 20 can be configured to sample a data 
pattern 24 four times per Symbol in accordance with a 
Sampling clock signal 302. If a significant portion of the data 
Samples match, count comparator 144 provides a match 
status signal 308 at line 152. Window gate signal 306 is 
provided to input 280 and causes counter 220 and counter 
236 to count up and down, respectively, generating count 
signals 314 and 316 respectively. Counters 220 and 236 
count according to a counter clock signal 304 provided at 
input 282. Counter 220 counts up until match Status Signal 
308 is received. Signal 308 resets counter 220, which begins 
to count up again in response to Signal 304. Match Status 
signal 308 also causes counter 236 to be reset and held at 
Zero until the next up transition of clock signal 302. 
However, count output 316 is held at Zero as status match 
signal 308 is provided at every four transitions of signal 304. 

After a match status pulse 308 is received, counter 220 is 
no longer reset upon receipt of pulses on signal 308. When 
the output signals 314 and 316 of counters 220 and 236, 
respectively, both equal the same count (fourteen), the pulse 
on Synchronization signal 318 is produced at output 21. 
Connection reset signal 320 is raised high to disable the 
production of additional pulses on Synchronization signal 
318. With reference to FIG. 6, the synchronization signal is 
provided when output signals 314 and 316 both equal ten. 
Operation is Substantially Similar to that discussed above 
with reference to FIG. 5. It is appropriate to point out that the 
relative location of the output sync pulse 318, with respect 
to the data pattern 24, is the same in both FIGS. 5 and 6, even 
though a more noisy Signal example in FIG. 6 only gener 
ated one match Status pulse. 

15 

25 

35 

40 

45 

50 

55 

60 

65 

8 
It is understood that, while the detailed drawings, specific 

examples and particular components given described a pre 
ferred exemplary embodiment of the present invention, they 
are for the purpose of illustration only. The apparatus and 
method of the invention is not limited to the precise details 
and conditions disclosed. For example, although a particular 
logic circuitry is described, other electric connections could 
be utilized. Further, although particular Signals are shown, 
various Signals could be utilized. Thus, changes may be 
made to the details disclosed without departing from the 
spirit of the invention which is defined by the following 
claims. 

What is claimed is: 
1. A Status phase processor for generating a Synchroniza 

tion signal, the Synchronization signal Synchronizing a data 
Sampling clock, the Status processor comprising: 

a match Status input for receiving a match Status Signal 
indicating a pattern match of at least one phase of an 
incoming to a data pattem; and 

a control circuit coupled to the match Status input, the 
control circuit including a counter circuit and a logic 
circuit, the counter circuit comprising an up counter 
and a down counter performing a count operation in 
response to a counter Signal having a frequency of at 
least two times the phase rate (sample rate) of the data 
Symbols and in response to the match Status Signal, the 
logic circuit generates the Synchronization Signal in 
response to the count operation when the down counter 
has a value equal to the up counter to adjust the data 
Sampling clock in accordance with the match Status 
Signal. 

2. The Status phase processor of claim 1, wherein the 
match Status Signal is provided through the logic circuit to a 
reset input of the up counter and the down counter. 

3. The Status phase processor of claim 1, wherein the logic 
circuit includes a window input, wherein the Synchroniza 
tion signal is only generated when a window gate Signal is 
provided at the window input. 

4. A Status phase processor for use in a data pattern 
correlator, the data pattern correlator providing a match 
Status Signal indicating a pattern match of at least one phase 
of a incoming Signal to a data pattern, the incoming Signal 
being provided in accordance with a data Sampling clock, 
the Status phase processor comprising: 

an up counter and a down counter performing a count 
operation in response to a counter Signal having a 
frequency of at least two times the phase rate (sample 
rate) of the data Symbols and in response to the match 
Status Signal; and 

a logic circuit coupled to the up counter and the down 
counter, the logic circuit controlling the up counter and 
the down counter and generating the Synchronization 
Signal in response to the count operation when the 
down counter has a value equal to an up counter to 
adjust the data Sampling dock in accordance with the 
match Status Signal. 

5. The status phase processor of claim 4, wherein the 
match Status Signal is provided through the logic circuit to a 
reset input of the up counter and the down counter. 

6. The Status phase processor of claims 4, wherein the 
logic circuit includes a window input, wherein the Synchro 
nization Signal is only generated when a window gate Signal 
is provided at the window input. 

7. A Status phase processor for use in a data pattern 
correlator, the data pattern correlator providing a match 
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Status Signal indicating a pattern match of at least one phase a logic means for generating the Synchronization signal in 
of an incoming Signal to a data pattern, the incoming Signal response to the count operation when the down counter 
being provided in accordance with a data Sampling clock, has a value equal to the up counter to adjust the data 
the Status phase processor comprising: Sampling clock in accordance with the match Status 

a counter means for performing a count operation in 5 Signal. 
response to a counter Signal having a frequency of at 8. The status phase processor of claim 7, wherein the 
least two times the phase rate (sample rate) of the data match Status Signal is provided through the logic means to a 
Symbols and in response to the match Status Signal Said reset input of the up counter and the down counter. 
counter means comprising an up counter and a down 
counter; and k . . . . 


